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Abstract
Background The body of evidence on associations
between socioeconomic status (SES) and sedentary
behaviors in adolescents is growing.
Objectives The overall aims of our study were to conduct a
systematic review and meta-analysis of this evidence and
to assess whether (1) the associations between SES and
sedentary behavior are consistent in adolescents from low-
middle-income and from high-income countries, (2) the
associations vary by domain of sedentary behavior, and (3)
the associations vary by SES measure.
Methods We performed a systematic literature search to
identify population-based studies that investigated the
association between SES and sedentary behavior in ado-
lescents (aged 10–19 years). Only studies that presented
risk estimates were included. We conducted meta-analyses
using random effects and univariate meta-regression and
calculated pooled effect sizes (ES).
Results Data from 39 studies were included; this provided
106 independent estimates for meta-analyses. Overall,
there was an inverse association between SES and seden-
tary behavior (ES 0.89; 95 % confidence interval [CI]
0.81–0.98). However, the direction of the association var-
ied: in high-income countries, SES was inversely associ-
ated with sedentary behavior (ES 0.67; 95 % CI
0.62–0.73), whereas in low-middle-income countries, there
was a positive association between SES and sedentary
behavior (ES 1.18; 95 % CI 1.04–1.34). In high-income
countries, the associations were strongest for screen time
(ES 0.68; 95 % CI 0.62–0.74) and television (TV) time (ES
0.58; 95 % CI 0.49–0.69), whereas in low-middle-income
countries, the associations were strongest for ‘other’ screen
time (i.e., computer, video, study time, but not including
TV time) (ES 1.38; 95 % CI 1.07–1.79). All indicators of
SES were negatively associated with sedentary behavior in
high-income countries, but only resources (income and
assets indexes) showed a significant positive association in
low-middle-income countries.
Conclusion The associations between SES and sedentary
behavior are different in high- and low-middle-income
countries, and vary by domain of sedentary behavior.
These findings suggest that different approaches may be
required when developing intervention strategies for
reducing sedentary behavior in adolescents in different
parts of the world.
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Key Points
Associations between socioeconomic status (SES)
and sedentary behavior differ between adolescents
from high- and low-middle-income countries and
vary by domain of sedentary behavior.
In high-income countries, there was a strong and
consistent inverse association between SES and total
screen time and television (TV) time. In contrast, in
low-middle-income countries, SES was not
associated with total screen or TV time, but there
was a positive association between SES and ‘‘other
screen time’’ (i.e., video, computer games, or study
time, but not including TV time).
This review suggests the use of different approaches
in low-middle- and high-income countries for
reducing sedentary behavior in adolescents.
1 Introduction
During the last decade, the concept of being ‘sedentary’
has changed. Whereas it was once understood as not
meeting the guidelines for moderate to vigorous physical
activity [1], the term ‘sedentary behavior’ is now used to
describe waking behaviors that involve sitting or lying
down [2]. Although the independent effects of sedentary
behavior and physical activity in terms of health conse-
quences are debated, there is consensus that the correlates
of these behaviors may be different, in both adolescents
and adults [3, 4].
Three recent reviews have shown that socioeconomic
status (SES) is an important correlate of sedentary behav-
ior, and that children and adolescents from lower socioe-
conomic backgrounds have higher levels of sedentary
behavior, in both screen-based and non-screen-based
activities [4–6]. In contrast, a systematic review of the
correlates of sedentary behavior among school-aged chil-
dren in Sub-Saharan Africa found that higher SES was
associated with more sedentary behavior [7].
As correlates of different domains of sedentary behavior
(such as television [TV] time, screen time, studying, etc.)
are likely to differ, some studies focused on only one
sedentary behavior domain [6]. However, others grouped
time spent in different domains [4, 7] making it difficult to
assess domain-specific correlates. Moreover, many studies
focused on only one indicator of SES: either parental
income, occupation, or education [8–12]. However, it is
possible that, although SES measures are strongly corre-
lated, they might influence health behavior differently
[13, 14]. For example, while resources (e.g., income or
assets index) might be strongly related to ownership of
electronic devices at home (thereby allowing access to
‘‘screen’’ devices), parental education might be associated
with parental rules limiting access to these devices [15, 16].
One limitation of much of the research to date is that
most studies have focused on both children and adolescents
[5, 6]. However, the correlates of sedentary behavior may
differ in children and adolescents (defined by the World
Health Organization as aged 10–19 years) [17], because of
increasing autonomy for decision making as young people
move through their teenage years. To inform the devel-
opment of effective interventions for reducing sedentary
behaviors in adolescents, it is important to understand the
socioeconomic determinants of the different domains of
sedentary behavior at this specific life stage.
The aims of this review were, via meta-analysis, to
examine the SES correlates of sedentary behavior in ado-
lescents, and to examine whether (1) the associations
between SES and sedentary behaviors are consistent in
adolescents from low-middle-income and from high-in-
come countries, (2) the associations vary by domain of




In 2015, we conducted a systematic search in the Academic
Search Premier, CINAHL, Cochrane, PubMed, Scopus,
SocIndex, SPORTDiscus, and Web of Science databases to
identify relevant studies on associations between SES and
sedentary behavior in adolescents. Groups of thesaurus
terms and free terms were searched using a Boolean
strategy: terms for adolescents (‘‘adolescence’’ OR ‘‘ado-
lescent’’ OR ‘‘adolescents’’ OR ‘‘teen’’ OR ‘‘teenager’’ OR
‘‘teenagers’’ OR ‘‘teens’’ OR ‘‘youth’’ OR ‘‘youths’’) were
used in AND combination with terms for sedentary
behavior (‘‘Sedentary behavior’’ OR ‘‘Sedentary beha-
viour’’ OR ‘‘Sedentary time’’ OR ‘‘Sitting time’’ OR
‘‘Television’’ OR ‘‘Screen-based’’ OR ‘‘TV viewing’’ OR
‘‘Computer use’’) AND terms for socioeconomic status
(‘‘Schooling attainment’’ OR ‘‘Family income’’ OR ‘‘in-
come’’ OR ‘‘Socioeconomic position ‘‘OR ‘‘Socioeco-
nomic level’’ OR ‘‘Economic level’’ OR ‘‘Assets index’’
OR ‘‘Poverty’’ OR ‘‘Deprivation’’ OR ‘‘Schooling’’ OR
‘‘education’’ OR ‘‘disparity’’ OR ‘‘ethnic’’ OR ‘‘inequal-
ity’’ OR ‘‘inequity’’ OR ‘‘race’’). All studies published up
to 19 March 2015 were considered.
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2.2 Eligibility and Exclusion Criteria
We considered only full-text, peer-reviewed population-
based studies focusing on adolescents (mean age
10–19 years) [17], with a measure of SES as the exposure,
and a measure of sedentary behavior as the outcome, and
reporting an association between SES and sedentary
behavior variables. Measures of parental education,
income, assets index/deprivation, and occupation were
considered as indicators of SES. The search was restricted
to studies published in English, Portuguese, or Spanish.
Review papers, theses, and dissertations were not included.
We applied the following exclusion criteria:
(i) sedentary behavior was inappropriately defined, i.e.,
defined as not meeting physical activity guidelines;
(ii) the focus was on a specific clinical population (e.g.,
overweight or obese, people with Down syndrome or
other disability; people with a specific illness);
(iii) there was no heterogeneity in socioeconomic level,
i.e., only those in a specific socioeconomic level
were included;
(iv) the study was an intervention that aimed to reduce
sedentary behavior (with the exception of studies
reporting on baseline data from intervention studies);
(v) sedentary time was an exposure instead of an
outcome measure;
(vi) the study included children, adolescents, and adults,
but did not present separate analyses for adolescents.
In studies that included children and adolescents, but
did not present separate analyses for adolescents,
studies were excluded if the average age was\10 or
[19 years (or where the majority of participants
were not aged between 10 and 19 years);
(vii) the study did not provide data on the association
between SES and sedentary behavior, from analyses
of primary or secondary data (or did not provide
data to enable calculation of these estimates, for
example, from 2 9 2 tables).
2.3 Data Extraction
The first author (GIM) conducted the search; two inde-
pendent reviewers (GIM and BPN) evaluated all abstracts.
If the two reviewers were unsure, they sought consensus
from all authors. Three independent reviewers (GIM, BPN,
and ICMS) extracted information from all the included
papers, and any disagreement was resolved by consensus in
consultation with the other authors (WJB and PCH).
Extracted information included authors, year of publica-
tion, country in which the study was conducted, survey
year, study design, sample size, age range, type(s) of SES
measures, number of SES categories, and sedentary
behavior domains and definitions.
Where reported, odds ratio (OR) and respective standard
errors or 95 % confidence intervals (CIs) were extracted. If
these data were not reported or could not be calculated, we
contacted the first author of the study via email. If the
authors could not be contacted, or could not supply the
data, we excluded the study. We also excluded studies that
only presented sedentary behavior as a continuous variable,
and did not report a categorical variable for ‘‘high’’
sedentary behavior.
To prevent duplication, if multiple publications were
available from the same data source/study population, we
used the most recent or most complete data. In cases where
publications had complementary information (i.e., one
provided data about one sedentary domain and/or SES
measure and another provided data about other associa-
tions) we included both studies. If studies reported findings
for boys and girls separately, we included two independent
estimates in the meta-analysis. If studies measured seden-
tary behavior separately on weekdays and weekends, we
only used estimates from weekdays.
The manuscript was modelled on the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement [18].
2.4 Data Management and Statistical Analysis
Initially, we performed a general meta-analysis, with pool-
ing of all estimates, using the original sedentary behavior
domains (study, TV, video games, personal computer,
screen time, or combinations of these) and SES measures
(paternal, maternal, or parental education; assets index/de-
privation; income; paternal, maternal, or parental occupa-
tion). We then performed a series of univariate meta-
regressions to investigate the main sources of heterogeneity
in the overall meta-analysis (see Electronic Supplementary
Material [ESM] Table S1). For these analyses, SES mea-
sures were categorised as (1) education (paternal, maternal
or parental education); (2) resources (including income,
assets index, and deprivation); or (3) occupation (paternal,
maternal, or parental education). Sedentary behaviors were
categorised as (1) screen-based (for studies that considered
TV time and/or video game time and/or computer time
together; (2) TV-viewing time (for studies that measured
only TV time); or (3) ‘‘other’’ (for studies that measured
computer and/or video game time and/or time spent study-
ing, but not TV time). Data were stratified by the World
Bank’s country classification (low- or middle-income
country; or high-income country). We used random-effects
models to calculate pooled effects sizes (ES) and assessed
heterogeneity using the I-squared test.
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In all the analyses, we used the lowest SES category as
the reference group. Thus, effect measures higher than 1.00
indicate more sedentary behavior, and effect measures
lower than 1.00 indicate less sedentary behavior in higher
SES groups than in the reference (low) SES group. Com-
parisons of the highest and the lowest socioeconomic
groups reported in each paper were included in the meta-
analysis.
We conducted several sensitivity analyses to assess the
robustness of the data and to explore potential sources of
heterogeneity. These analyses included (1) data from
studies that reported only one SES variable; (2) a com-
parison of studies that used two and those that used more
than two SES categories; (3) exclusion of studies in which
the reference category was changed to allow inclusion of
the data; (4) exclusion of studies that included participants
who were aged\10 or[19 years; (5) exploration of bias
due to different definitions of ‘‘high’’ sedentary behavior,
and (6) analysis of data from studies that did not stratify by
sex. We used funnel plots and Egger tests to investigate
publication bias.
3 Results
Figure 1 provides an overview of the search process. We
identified 6174 references, 612 of which were identified as
potentially relevant after exclusion of duplicates and those
that did not meet the inclusion criteria. Of these, 444 were
excluded after abstract review, mostly because they did not
report an association between SES and sedentary behavior.
After full review of the remaining 168 papers, 39 were
considered for inclusion in the meta-analysis. These papers
included 106 separate estimates of SES–sedentary time
associations.
Table 1 shows the characteristics of the included stud-
ies, which were from 15 different countries: Brazil (=12),
the USA (=8), Australia (=4), China (=3), England (=3),
and Norway (=2) contributed more than one study, and the
remaining nine countries contributed one each. All were
conducted between 1994 and 2011 and published between
2000 and 2015; most were of cross-sectional design.
Sample size ranged from small studies of\500 adolescents
in Australia and France to large studies of [50,000 par-
ticipants in Brazil and the USA. The age range was from 6
to 19 years, with average age between 10 and 19 in all
studies. The 39 papers included nine measures of SES,
including paternal, maternal, or parental education (25
studies), resources (23 studies), and parental occupation
(five studies). The majority (n = 23) considered only one
measure of SES, but five studies included three or more
measures of SES. The majority of studies (n = 34) also
used a single measure of sedentary behavior; this was most
commonly TV time (n = 17) or a composite measure of
time watching TV and playing video games or using a
computer (n = 10). Three studies measured video game
and computer time separately, and 15 measured total
screen time. Most studies (n = 32) presented analyses for
boys and girls combined; only seven presented separate
analyses for boys and girls (Table 1).
The results of the overall meta-analysis (Fig. 2) showed
the odds of high sedentary behavior were 11 % lower in the
highest SES groups than in the lowest SES groups (ES
0.89; 95 % CI 0.81–0.98). As expected, there was sub-
stantial heterogeneity among studies (I2 = 94.8 %); the
sources of this are described below.
Table 2 presents the results of the meta-regression
analyses of heterogeneity sources. The top panel of Table 2
shows the main source of heterogeneity (R2 = 37.3) was
country income status; there was a negative association
between SES and sedentary behavior in adolescents from
high-income countries (ES 0.67; 95 % CI 0.62–0.73) and a
positive association in studies from low-middle-income
countries (ES 1.18; 95 % CI 1.04–1.30). There was also
some heterogeneity (R2 = 20.2) in terms of the domain of
sedentary behavior, with negative associations for screen
and TV time and a positive association for ‘‘other’’ screen
time. Heterogeneity due to the SES measure was low
(R2 = 6.9).
When the data were stratified by country income (mid-
dle and lower panels of Table 2), the analyses showed that
sedentary behavior domains explained 29 % of the
heterogeneity in high-income countries, but only 4.3 % in
low-middle-income countries. The association between
SES and high screen and TV time was negative in high-
income countries, indicating lower odds of high sedentary
behavior in the highest than in the lowest SES groups. In
low-middle-income countries, only the association between
SES and ‘‘other’’ screen time was significant; there was a
positive relationship, indicating greater likelihood of high
‘‘other’’ screen time in high SES than in low SES groups.
The way SES was measured was more important in low-
middle-income countries (R2 = 10.8) than in high-income
countries (R2 = -3.3 %). Among low-middle-income
countries, resource measures were more strongly associ-
ated with sedentary behaviors than measures related to
parental education (ORmeta-regression 1.38; 95 % CI
1.07–1.78). This pattern was not observed in high-income
countries (ORmeta-regression 1.13; 95 % CI 0.93–1.38).
Meta-analyses showing the associations between SES
and each of three sedentary behavior measures, stratified by
country income, are shown in Figs. 3, 4, and 5. Data from
studies that combined TV, video, and computer game time
showed a strong negative association between SES and
high screen time in high-income countries (ES 0.68; 95 %
CI 0.62–0.74) (Fig. 3). Of 30 individual estimates, half
64 G. I. Mielke et al.
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were significantly associated with lower SES and only one
OR was greater than 1.00 (but not statistically significant).
The same pattern was not observed among low-middle-
income countries, where there was no association between
SES and screen time (ES 1.06; 95 % CI 0.76–1.47).
Heterogeneity among estimates of SES and screen time
was higher in the studies from low-middle-income coun-
tries, with some differences in the direction of the associ-
ation in studies from Brazil (positive) compared with those
from China and Thailand (negative) (Fig. 3).
A similar pattern of association was found when only
estimates of TV viewing time were examined (Fig. 4).
There was a clear inverse association between SES and TV
time in high-income countries (ES 0.58; 95 % CI
0.49–0.69), but no association between SES and TV time in
low-middle-income countries (ES 1.08; 95 % CI
0.97–1.20). This latter finding reflected the greater
heterogeneity in studies from low-middle-income
countries.
The meta-analysis of data from studies that included a
range of sedentary domains, but not including TV time
(‘‘other’’ sedentary time), is shown in Fig. 5. In contrast
with the findings for screen and TV-viewing time, this
analysis showed that adolescents with higher SES tended to
spend more time in sedentary behavior than those with
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(n=612) 
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- No SES analysis presented (n=53) 
- No definition for high sedentary behaviour 
(n=29) 
- Inappropriate age (n=18) 
- Reviews and non-published (n=12) 
- Language/paper not available (n=9) 
- Inappropriate SB definition/SB as 
exposure only (n=12)
- Intervention/not population-based study 
(n=3)
- SB measured only during school time 
(n=1) 





Fig. 1 Flowchart reporting the
process for selection of papers
for inclusion in the meta-
analysis. SB sedentary behavior,
SES socioeconomic status
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However, heterogeneity was high in the low-middle-in-
come country studies, largely because of some very strong
effects reported by one Brazilian study (Fig. 5).
A series of sensitivity analyses did not substantially
change these results. Although the number of SES cate-
gories was not an important source of heterogeneity in the
general meta-analysis (adjusted R2 = -0.56 %), when the
data were stratified by country income, there was a positive
association between the number of SES categories included
in the pooled-effect model and estimate of meta-analysis,
but only in low-middle-income countries (ORmeta-regression
1.21; 95 % CI 1.02–1.44). The funnel plots and Egger’s
tests showed no evidence of publication bias for the studies
from either low-middle-income (p = 0.309) or high-in-
come countries (p = 0.179). Influence analyses did not
show important changes to the pooled-effect sizes due to
any individual study in low-middle-income countries or in
high-income countries.
4 Discussion
Although several systematic reviews have already been
conducted, this study was the first to quantify the associ-
ations between SES and sedentary behaviors in adolescents
via meta-analysis techniques. By including data from more
than 350,000 participants, we were able to calculate an
overall pooled effect and examine the factors contributing
to variations in the strength and direction of this associa-
tion. Understanding the sources of variation in studies of
adolescents is important, as it allows strategies for behavior
change to be specifically targeted to this life stage. Overall,
the pooled results from 39 studies showed that the odds of
high sedentary behavior were 11 % lower in the highest
SES groups than in the lowest SES groups. However,
substantial heterogeneity existed, with contrasting findings
in studies from high- and low-middle-income countries, for
different domains of sedentary behavior, and—to a lesser
extent—by the SES variable used.
There was a negative association between SES and
sedentary behavior in adolescents from high-income
countries (hence adolescents from low SES backgrounds
were more likely to have high levels of sedentary behavior
than their high-SES counterparts). The reverse was true in
low-middle-income countries, where the higher SES ado-
lescents were more likely to be highly sedentary. This
contrast was underpinned by differences in domain-specific
associations, with inverse associations between SES and
screen and TV time in high-income countries and a positive
association between SES and ‘other’ screen time in low-
middle-income countries.
We found the associations between SES and sedentary
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Fig. 2 General meta-analysis
of the association between
socioeconomic status and
sedentary behavior. AI assets
index, CI confidence interval,
ES effect size, FE paternal
education, FO paternal







status, TV television, VG video
game. TV ? indicates estimates
based on studies that measure
sedentary behavior as:
a TV ? VG or b TV ? PC
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this variation was underpinned by complex inter-relation-
ships with both domains of sedentary behavior and mea-
sures of SES. Differences in access to TVs and computer
games in high- and low-middle-income households may
explain this finding, as studies in high-income countries
have consistently found that adolescents from homes with
more TVs and computers, and those with a TV in the
bedroom, report more screen-based sedentary behavior [6].
However, access to TVs and video/computer games differs
in low-middle-income countries. For example, between
2000 and 2012, the proportion of households in Brazil with
a TV increased from 87 to 95 %, while the proportion with
a computer increased from 10 to 39 %. These trends were
strongly related to economic status, with better access to
computers in wealthier households [19].
As adolescents in both country income groups seem to
have wide access to TVs (but not necessarily to comput-
ers), another explanation for our main finding could be that,
in low-middle-income countries, ownership of electronic
devices and TVs is probably more determined by financial
Table 2 General meta-analysis showing heterogeneity sources, and meta-regression of the associations between socioeconomic status and high
sedentary behavior variables in low-middle-income and high-income countries (106 estimates from 39 studies)
Variables na ES pooled (95 % CI) I2 Meta-regression





Screen timeb 42 0.77 (0.66–0.90) 93.6 Index 20.2
TV 43 0.86 (0.77–0.95) 90.0 1.11 (0.91–1.35)
Otherc 21 1.32 (1.06–1.66) 94.0 1.74 (1.37–2.21)
SES
Education 38 0.82 (0.74–0.91) 89.3 Index 6.9
Resource 56 1.06 (0.89–1.26) 97.3 1.30 (1.06–1.58)
Occupation 12 0.73 (0.53–1.00) 78.1 0.89 (0.64–1.25)
Country incomed
Low-middle income 49 1.18 (1.04–1.34) 96.0 Index 37.3
High-income 57 0.67 (0.62–0.73) 74.9 0.57 (0.49–0.67)
Low-middle-income countries
Sedentary behavior definition
Screen timeb 12 1.06 (0.76–1.47) 93.5 Index 4.3
TV 22 1.08 (0.97–1.20) 89.8 1.06 (0.75–1.48)
Otherc 15 1.38 (1.07–1.79) 95.6 1.31 (0.91–1.89)
SES
Education 28 1.04 (0.92–1.17) 86.2 Index 10.8
Resource 21 1.42 (1.13–1.79) 98.0 1.38 (1.07–1.78)
Occupation 0 – – –
High-income countries
Sedentary behavior definition
Screen timeb 30 0.68 (0.62–0.74) 73.8 Index 28.9
TV 21 0.58 (0.49–0.69) 67.0 0.85 (0.71–1.02)
Otherc 6 1.15 (0.87–1.52) 22.7 1.69 (1.22–2.34)
SES
Education 28 0.63 (0.57–0.70) 57.8 Index –3.3
Resource 17 0.72 (0.61–0.84) 85.0 1.13 (0.93–1.38)
Occupation 12 0.73 (0.53–1.00) 78.1 1.11 (0.86–1.44)
Total 106 0.89 (0.81–0.98) 94.8 – –
CI confidence interval, ES effect size, OR odds ratio, SES socioeconomic status
a Represents the number of estimates available
b Estimates based on studies that measured sedentary behavior as time spent in TV ? computer ? video games ? other screen-based activities
c Estimates based on studies that measured sedentary behavior as time spent in computer, video game, study time, but not including TV time
d According to World Bank classification
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resources than education. For example, two Brazilian
studies that included the effects of both education and
resources have shown positive associations between
income and sedentary behavior, but not between parental
education and sedentary behavior [20, 21]. Indeed, our
meta-analysis showed that the effect of resources on
sedentary behavior in low-income countries was 38 %
greater than the effect of parental education. In contrast,
reviews have shown that both income and education are
associated with screen-based sedentary behaviors, and that
parental rules and limitations on screen time in families
with higher levels of education were associated with less
time spent in screen-based sedentary behavior [5, 6, 22].
One challenge in this study was the high level of vari-
ation in the sedentary behavior measures. We originally
intended to develop a separate analysis for each sedentary
behavior domain, but the small number of estimates for
some domains, and the combinations of domains included
in different measures of sedentary behavior, made this
impossible. For example, only one study from a high-in-
come country (Spain) [23] and two from low-middle-in-
come countries (China [24] and Palestine [25]) provided
estimates of study time (see ESM Fig. S1), and these were
combined with video game and computer time (see ESM
Fig. S2). The three broad categories of sedentary behavior
used here—TV time, screen time (including TV, computer,
Fig. 3 Meta-analysis of the association between socioeconomic
status and high screen-based time. AI assets index, CI confidence
interval, ES effect size, FE paternal education, I income, ME maternal
education, PE parental education, PO parental occupation, SB
sedentary behavior, SES socioeconomic status
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and game time) and ‘‘other’’ screen time (i.e., not including
TV)—showed different patterns in the SES association,
which overall seemed to reflect the socioeconomic factors
relating to access, either through availability of devices, or
through parental control of behaviors [13, 15].
A second challenge for this meta-analysis was that the
definitions of ‘‘high’’ sedentary behavior varied across
studies. Although guidelines from the American Academy
of Paediatrics suggest that adolescents should not spend
more than 2 h per day in screen-based activities [26],
several different cut-points were used in the original
studies. However, more than half the estimates of high
sedentary behavior were based on the 2 h/day limit, and
different cut-points did not represent an important source
of heterogeneity in the results. Our sensitivity analyses
found the results were virtually the same when only those
studies that used the 2 h/day cut-point were included.
Furthermore, we chose not to include objective measures of
sedentary behavior. Although we located studies of the
association between SES and objectively measured
sedentary behavior, cut-points used to define ‘‘sedentary’’
varied, and none of the studies provided a breakdown of
time spent in different domains or a definition of ‘‘high’’
sedentary behavior, making it impossible to harmonize the
data from objective and subjective measures. Another
potential limitation was that we included separate estimates
Fig. 4 Meta-analysis of the association between SES and high
television viewing time. AI assets index, CI confidence interval, ES
effect size, FE paternal education, FO paternal occupation, I income,
ME Maternal education, MO maternal occupation, PE parental
education, PO parental occupation, SB sedentary behavior, SES
socioeconomic status
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from studies that used more than one SES indicator. This
may have introduced bias and a ‘‘narrowing’’ of the pooled
estimates. However, our sensitivity analyses showed sim-
ilar results when only one estimate from each study was
included.
A third challenge was that the included studies defined
the different SES variables with various numbers of cate-
gories, making it difficult to pool results and potentially
leading to issues of misclassification. To minimize this, we
included only the extreme groups reported in each study.
Sensitivity analyses showed the results were unchanged
when three categories were used. However, when four or
more SES categories were included, we found stronger
effect measures, mainly among low-middle-income
countries.
As may be expected when attempts are made to combine
the results of studies that used diverse methods of data
collection and varying definitions of both SES and seden-
tary behaviors, there was marked heterogeneity in the
findings. However, a strength of our study was that we
attempted to explain this heterogeneity by conducting a
series of meta-regression analyses with subgroups. High
heterogeneity in the first analyses led us to investigate the
variation in the association between SES and sedentary
behavior in adolescents from countries with different
income levels, and in different sedentary behavior
domains, and using different measures of SES.
This study makes an important contribution to our
understanding of associations between SES and sedentary
behavior in adolescents, because most previous studies
have only reported results based on the presence or absence
of an association, with significance indicated by p values,
without reporting the magnitude of the association. For
example, one study whose results were included in this
meta-analysis reported no ‘‘significant’’ associations
(p\ 0.05), but showed a strong OR, limited by a small
sample size [27]. Another reported statistically ‘‘signifi-
cant’’ findings based on very small differences in sedentary
time (\5 % between the lowest and highest SES groups),
but with very large samples ([60,000) [9].
Fig. 5 Meta-analysis of the association between socioeconomic
status and other sedentary behavior domains (computer, video game,
study time, but not including TV time). AI assets index, CI confidence
interval, ES effect size, FE paternal education, FO paternal
occupation, I income, ME maternal education, MO maternal occupa-
tion, PC computer, PE parental education, SB sedentary behavior,
SES socioeconomic status, VG video game
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The main limitation of this study is that interpretation of
these findings, especially of the overall pooled estimates, is
hampered to some degree by heterogeneity and other
sources of potential bias. However, the absence of publi-
cation bias, the consistency of our results identified through
sensitivity analyses, and use of a more conservative ran-
dom-effects model for analysis enhance the confidence we
have in our conclusions. We also conducted subgroup
analyses to investigate whether results differed when edu-
cation was measured using paternal, maternal, or parental
education; no important differences were found. In Eng-
land, Kipping et al. [28] investigated associations between
SES, measured by social class, maternal education, and
family income. They found that, after mutual adjustment
for other SES variables, family income and maternal edu-
cation were both inversely associated with TV viewing
time [28].
A second limitation is that, with studies from only 15
different countries, the results cannot be extrapolated
worldwide. Most of the studies from low-middle-income
countries came from Brazil. However, significant differ-
ences exist in the cultural, social, and economic contexts of
Brazil and China, which were grouped together for the
purposes of this analysis because the World Bank classifies
both as middle-income countries. These differences might
affect the association between SES and sedentary behavior
among adolescents. In addition, although our meta-analysis
included peer-reviewed publications written in English,
Spanish, and Portuguese, four studies in other languages
(e.g., Arabic) had to be excluded because we could not
translate them.
In terms of future research, data from prospective
studies that focus on determinants rather than correlates
will be useful. Objective measures of sedentary behaviors,
with pattern recognition to identify domains, will also
advance this field. However, a need remains for studies
from low- and middle-income countries other than Brazil if
future interventions are to address sedentary behaviors in
socially and cultural relevant contexts.
5 Conclusion
The findings of this review show that the relationships
between SES and high sedentary behavior differ between
high- and low-middle-income countries and vary by
domain of sedentary behavior, and, to a lesser extent, by
measure of individual SES. These complex associations
between environmental, cultural, social, and individual
factors and sedentary behaviors can inform the develop-
ment of both local and population-based strategies that will
support adolescents to choose activity over sedentariness
whenever there is a possibility of choice. Our findings
suggest that different approaches may be required when
developing intervention strategies for reducing sedentary
behavior in adolescents in different parts of the world.
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